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Abstract
Cation Exchange Selectivity (CES) for Wyoming montmorillonite was determined by equilibration of the clay with a mixed
equinormal solution containing two competing cations (i.e Pb2+, Zn2+). This paper aims at characterizing the structural change
and selectivity of a Na-dioctahedral smectite (Wy-Na). The quantitative analysis of XRD patterns is achieved using an indirect
method based on the comparison of XRD experimental patterns to calculated ones. Two reference samples were prepared by
saturation with Pb2+ or Zn2+ (i.e. two heavy metal cations occurring in hold house trash). The resulting complexes were
respectively labelled Wy-Pb and Wy-Zn. After that, the Wy-Na sample was dispersed in solutions containing 0.5Pb2+ and
0.5Zn2+ with different concentrations (from 10-2N to 10-4N) in order to understand the concentration effect on the selectivity
process of the Na-montmorillonite. The XRD quantitative analysis shows that for low concentrations the d001 spacing value
corresponds to Wy-Na complex, whereas for high concentrations the d001 spacing value can be attributed to the Wy-Zn and/or
Wy-Pb. At low concentrations, the sample presents a homogeneous state and the cation exchange capacity is saturated with Na+
cation which is characterized by one water layer hydration state (1W). For high concentrations, interstratified hydration behavior
appears and the clay has a tendency to exchange in minor contribution the Zn2+ cation and in major contribution Pb2+ cation
characterized by a mixed hydration state between one (1W) and two water layers (2W)
© 2009 Elsevier B.V.
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1. Introduction
Contamination of soils and sediments with heavy metal ions is a subject of significant public concern in many
parts of the world [1]. In the soils, the elements traces metallic are distributed between the solid and the liquid
phases which constitute these soils. Generally, the quantity existing in the solution of the soil represents only one
negligible percentage of the totality of the pollutant (concentrations of about 10-1 M to 10-4 M). Montmorillonite, is
a dioctahedral smectite and represents a promising material for engineered barriers because of its low permeability
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when compacted and because of its cation retention ability [2-4]. Several studies were achieved in this field, which
deals with the interaction between metals ions and this clay [5-7] their focus was mainly based on monovalent
cations . Indeed, the solutions occurring in the household trash contain more than mono ionic, bi ionic and even
more cations with variable concentrations. Thus, the present study was focused in a dioctahedral clay behavior in
presence of bivalent cations: (Zn2+, Pb2+). The structural characteristics evolution along C* was determined by
quantitative analysis of XRD patterns using an indirect method based on the comparison of the experimental 00l
reflections obtained from oriented films with those calculated from structural models.
2. Materials and methods
The clay fractions were prepared according to the classic protocol of extraction [8]. The <2m fraction of a crook
montmorillonite Swy-2 (Wyoming, USA) were supplied by the Source Clay Minerals Repository Collection. The
structural formula per half unit cell is given by [9]:
( ) ( ) ( ) ( )++++++ 027,02 177,02102 382,02 045,03 039,04 018,0459,1077,0923,3 NaCaOHOMgFeFeTiAlAlSi
The Na saturated clay minerals (Wy-Na) were prepared by dispersing suitable amounts of clay suspension several
times in 1N Nacl solution. The samples were then exchanged with 1N leads chloride and zinc chloride solution
yielding Wy-Zn and Wy-Pb. In order to study the selectivity of the montmoriollonite, we dispersed the starting
sample (i.e.Wy-Na) in solution containing (0.5Zn 2+, 0.5Pb2+). The total normality of the solution varied from 10-2N
to 10-4N.
An oriented preparation was prepared by depositing a clay suspension onto a glass slide [8,9]. For qualitative
mineral identification, we used XRD patterns of air-dried samples using D8 advanced Bruker installation, by
reflection setting and Cu-K radiation. The mineralogical and structural characteristics were determined by
comparing the experimental XRD patterns with the theoretical ones calculated from structural models [9-10-11] and
using the matrix expression reported in the Equation (1).
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where Re is the real part of the final matrix, Spur, the sum of the diagonal terms of the real matrix; Lp is the Lorentz-
polarization factors; M is the number of layers per stack; n is an integer varying between 1 and M-1; [], the
structure factor matrix; [I] is the unit matrix; [W] is the diagonal matrix of the proportions of the different kinds of
layers, and [Q] is the matrix representing the interference phenomena between adjacent layers. An X-ray pattern of
an interstratified system is calculated from a structural model, comprising mainly the following parameters: the
number of types of layers, their abundances, the succession mode of the different types of layers, the mean thickness
of the coherent scattering domains (CSD), [10]. The stacking mode of layers is described by a set of junction
probabilities (Pij). The relationships between these probabilities and the abundances Wi of the different types of
layers are given by [11, 12] and summarized in the Equation (2), (3) and (4).
Wi =1 (2)
Pij =1 (3)
WiPij =Wj (4)
where Pij is the probability of i layer being followed by a j layer.
The XRD patterns were calculated using the Z coordinates of [13]. The origin of these coordinates was placed on
the plane of surface oxygen atoms [11].
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3. Results and Discussion
3.1. Homogeneous sample:
3.1.1XRD qualitative analysis:
In figure 1 we reported the XRD patterns produced by references samples (Wy-Na, Wy-Pb and Wy-Zn). The
examination of these patterns shows that the hydration state depends on the cation nature. Indeed,the d-spacing
corresponds to a one water layer hydration state (1W) for Wy-Na (d001=12.29Å), 2W for Wy-Zn (d001=15.90Å) [5],
whereas, the Wy-Pb complexe is characterised by an intermediate hydration state between 1W and
2W(d001=13.15Å). A supplementary reflection appears in the X-ray diffraction pattern in the case of Wy-Pb and
Wy-Zn sample respectively in the range 218-28° and 210-15° due to the presence of Laurionite PbOHCl:
pattern reference 74-2022(C) and Simonkolleite, syn- Zn5 (OH) 8Cl2-H2O; Pattern reference 07-0155 due to excess
of salt in the solution.
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3.1.2 Quantitative analysis of XRD patterns
This method allowed determination of structural parameters (the mean number of layer per stack M , the number
n and Zn coordinates of water molecules and the abundances of different types of layers Wi). The best agreements
between theoretical and calculated intensities are reported in figure 2 and the structural parameters obtained for
references samples are summarized in Table 1. Examination of Table 1 shows that Wy-Na and Wy-Zn complexes
are homogeneous and characterized by 1W and 2W states respectively; whereas Wy-Pb complex and as a predicted
by qualitative analysis, is interstratified and its hydration state is intermediate between 1W and 2W.
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Fig. 2. Simulation of experimental XRD profile: case of
homogeneous samples.
Fig. 1. XRD patterns in the case of homogeneous sample
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Table 1. Structural parameters obtained for references samples Table 2. Structural parameters deduced from quantitative XRD analysis
normality d001(Å) cation n Z(Å) W1
W2
M
10-2N 15.4
12.5
Zn2+
Pb2+
0.17
0.17
11.3
09.8
0.18
0.82
7
10-3N 12.4
15.4
Na+
Pb2+
0.33
0.16
9.8
11.4
0.77
0.23
6
10-4N 12.4 Na+ 0.33 9.8 0.95 6
3.2. Structural evolution and selectivity of samples versus concentration of solution in the case of mixture containing
(0.5Zn2+, 0.5Pb2+).
In order to highlight the selectivity of Wyoming montmorillonite in relation with some heavy metal cations
occurring in household waste such as Pb2+ and Zn2+, The starting complex Wy-Na was placed in contact with
solutions containing (0.5 Pb2+ and 0.5 Zn2+) and variable concentration. In figure 3, we reported the XRD
experimental patterns of 00l reflections. The (001) reflection position indicates an evolution layer thickness from
14.96Å to 12.44Å when decreasing the solutions concentrations from 10-2N to 10-4N.
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This means that the hydration state evolves from 2W to 1W [5]. For 10-2N, we note a broadening and a splitting
of the (001) reflection in two peaks situated around 14.96 Å and 13.04Å. This indicates that the complex is
heterogeneous with regard to its hydration state and is made up of two types of layers. The position of these two
peaks can be attributed to a minor amount of Zn2+ and a major contribution of Pb2+within the layers. A better
understanding of these changes can be emphasized by modeling the XRD patterns. The best agreement between
experimental and calculated XRD patterns is reported in figure 4. The structural parameters used to calculate these
patterns are summarized in Table 2, and show that for 10-2N, the complex is essentially saturated with Pb2+ (1W
hydration state). For this concentration, the complex are interstratified and made up of 1W layer where the CEC is
saturated with Pb2+ and 2W layers saturated with Zn 2+. The abundance values (Wi ) indicate that the sample is
essentially saturated with Pb2+. For intermediate concentration (10-3N), only a small fraction of layers fixes Pb2+ and
evolves towards a 2W hydration state, the sample keeps, in the majority, 1W state with Na+ saturation of the CEC.
samples d001(Å) cation n Z(Å) W1
W2
M
Wy-Na 12.4 Na+ 0.33 9.8 1 8
Wy-Pb 12.4
15.2
Pb2+
Pb2+
0.17
0.17
10.1
11.4
0.86
0.14
8
Wy-Zn 15.4
18.4
Zn2+
Zn2+
0.17
0.17
11.8
13.9
0.95
0.05
7
Fig. 3. XRD patterns obtained for decreasing
normality (i.e.10-2N10-4N) in the case of (0.5
Zn2+and 0.5Pb2+) solutions
Fig. 4. Best agreement between experimental--- and
theoretical*** XRD pattern obtained for decreasing
normality (i.e.10-2N10-4N in the case of (0.5
Zn2+and 0.5Pb2+) solutions.
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When decreasing the concentration to 10-4N, the sample is still saturated with Na+ cation and keeps its initial
hydration state (i.e. 1W). this result show that for high concentration the complex fixes preferentially Zn2+ and Pb2+
cations, whereas for low concentrations, the complex keeps its initial state(i.e. 1W state with Na+ saturation of the
CEC).
4. Conclusion
A preliminary qualitative analysis of the structural characteristics of homogeneous complexes Wy-Na, Wy-Pb
and Wy-Zn shows respectively basal spacing 12,29Å, 13,15Å and 15,90Å. Since these cations occur frequently with
variable concentration within household waste, our study was focused on the effect of the concentration of this
cation on the selectivity of the clay. The results obtained in this regards showed that: for low concentration the d001
spacing corresponds to the Wy-Na complex, whereas for high concentration, the d001 spacing is attributed to the Wy-
Zn and Wy-Pb complexes. At low concentration the clay CES is in flavor of Na+ cation which is characterized by a
low hydration state, for high concentration, the clay fixes the Zn2+ or Pb2+ cation which are characterized by high
hydration state.
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